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L18: Entry 2 of 2 File: USPT Jul 20, 1999 

DOCUMENT- IDENTIFIER: US 5924987 A 

TITLE: Method and apparatus for magnfit-ir; rfisonanre arteriography using 
contrast agents 



ABPL: 

The present invention is a technique of, and system for, imaging vascular 
anatomy over distance considerably greater than the maximum practical field of 
view of a magnetic resonance imaging system while using substantially one 
contrast agent injection. The technique and system of the present invention 
acquires image data of a plurality of image volumes which are representative 
of different portions of the patient »s body. The image data of each image 
volume includes image data which is representative of the center of k- space. 
The acquisition of image data which is representative of the center of k- space 
is correlated with a concentration of contrast agent in the artery (ies) 
residing in the image volume being substantially greater than the 
concentration of contrast agent in veins and background tissue adjacent to the 
artery (ies) . This provides preferential enhancement of arteries relative to 
adjacent veins and background tissue for each acquisition, wherein each 
acquisition is representative of a different portion of the arterial system 
(e.g., abdominal aorta, femoral, popliteal, and tibial arteries). 

BSPR: 

This invention relates to a method of, and apparatus for use in, magnetic 
reRonanre imaging; and more particularly, to contrast agent enhanced magnetic 
resonance arteriography for examining, detecting, diagnosing, and treating 
arterial diseases and injuries in arteries in the lower extremities, including 
defining anatomic features relevant to performing arterial surgery for 
atherosclerotic disease. 

BSPR: 

Magnetic resonance angiography has several advantages over conventional or 
catheter arteriography. Magnetic resonance angiography does not use ionizing 
radiation, and does not require arterial catheterization and sometimes can be 
performed without contrast agent enhancement. Even when performed using a 
contrast agent (e.g., gadolinium), magnetic resonance angiography contrast is 
safer than iodinated contrast arteriography, and it infrequently causes the 
patient discomfort. In addition, the cost of a n magnetic resonance arteriogram 
is less than a catheter arteriogram. Further, because of its sensitivity to 
slow flow MRA may be more sensitive in vessels with proximal stenoses. 

BSPR: 

However, there are several impediments or limitations to use of magnetic 
resonance angiography as a satisfactory screening tool for imaging of the 
lower limb vasculature. These impediments or limitations have been documented 
in, for example, Owen, et al . , Magnetic Resonance Imaging of Angiographically 
Occult Runoff Vessels in Peripheral Arterial Occlusive Disease, N Eng. J Med 
1992, 326:157-1581; Owen et al . , Symptomatic peripheral vascular disease: 
Selection of imaging parameters and clinical evaluation with MR angiography. 
Radiology 1993, 187:627-635; Yucel et al . , Atherosclerotic occlusive disease 
of the lower extremity: prospective evaluation with two-dimensional 
time-of -flight MR angiography. Radiology 1993,187:635-641; and Borrello, MR 
Angiography versus conventional X-ray angiography in the lower extremities: 
Everyone wins. Radiology 1993,187:615-617). 

BSPR: 
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One of the limitations to employing contrast enhanced^magnfttir: resonance 
angiography for imaging of the lower limb vasculature has been the lack of a 
suitable coil for imaging of a sufficiently large f ield-of -view which 
encompasses the lower extremities. Another potentially more serious problem 
involves limitations of magnet imaging region. In this regard, the length of 
the magnet imaging rf^g-i on for conventional magnet resonance apparatus is 
insufficient to cover the entire anatomical region - of - -i nte^rf^st: in one 
acquisition. This can be as much as 12 0 centimeters in tall patients and even 
in small patients an imaging field encompassing approximately 90 centimeters 
is necessary to compete with arteriography which images from above the aortic 
bifurcation downwards. 



BSPR: 

Because of the reliance of traditional magnetic resonance arteriography 
methods on time-of -flight effects, imaging orthogonal to the plane of the 
vessel necessitates image acquisition in the axial plane. As such, it is 
necessary to r-ppna itionX the patient and perform an additional localizer for 
successive locations down the leg- -all of which is time-consuming. In order to 
maintain spatial resolution, thin slices must be obtained giving poor spatial 
"coverage" per unit time. Under these circumstances, imaging times may be in 
excess of one hour and frequently 2 hours for comprehensive imaging of the 
lower limb vessels. Although acquisition of the 2-D time-of -flight images in 
the coronal plane would significantly reduce imaging time and therefore cost, 
imaging in this plane would result in saturation of the flowing blood and 
non-diagnostic studies. 

BSPR: 

One solution to the problem of in-plane saturation has been to employ contrast 
enhanced magnet in Tf^g^nnanrR arteriography to overcome saturation effects. See, 
e.g., U.S. Pat. Nos . 5,417,213; 5,553,619; and 5,579,767 (the contents of each 
are hereby incorporated by reference) . Using this technique, acquisition of 
the central lines of k-space which govern image contrast are acquired during 
peak arterial enhancement by carefully timing the injection of the contrast 
agent with the collection of image data which is representative of the c:f^nte^r 
of k-space. A technique of more precisely acquiring the central lines of 
k-space during peak arterial enhancement by detecting arrival of the 
gadolinium bolus and initiating data acquisition of data which is 
representative of the central lines of k-space is described in U.S. Pat. No. 
5,590,654. These technique have been shown to be highly accurate compared to 
arteriography or surgical inspection in the evaluation of abdominal aortic 
aneurysms, thoracic aorta, renal and mesenteric arteries, and aorta and iliac 
vessels . 



BSPR: 

In spite of the high quality images of the abdominal aortic aneurysms, 
thoracic aorta, renal and mesenteric arteries, and aorta and iliac vessels 
which have been consistently obtained using contrast enhanced magnetic 
re^aonance arteriography, there still remains several problems with using such 
imaging techniques to evaluate arteries in lower extremities. By using a 
gadolinium contrast agent, high signal-to-noise images are generated within 
the body coil. Although this overcomes the problems of both in-plane 
saturation effects and the necessity for expensive and as yet experimental 
surface coils, the imaging volume is limited by the largest f ield-of -view. The 
field of view, however, is governed by the physical dimensions of the body 
magnet or coil (typically 4 8 centimeters or less) . Even if this large 
f ield-of -view could be used, the increased matrix size necessary to maintain 
resolution would increase examination time (increased number of phase -encoding 
steps) and increase echo time (increased frequency- encoding steps) , both of 
which are undesirable. Additionally, the signal-to-noise from the top and 
bottom ends of the imaging volume would likely be inadequate for diagnostic 
purposes; and even if adequate images were obtained over the entire imaging 
volume, the anatomical coverage would still be insufficient for adequate 
evaluation of the lower extremities. 



BSPR: 

Although a second sequence centered at a lower level would provide the 
"missing" diagnostic information, this presents additional concerns of the 
time dependence of the arterial signal which would likely diminish to a level 
below that necessary for diagnostic imaging in relation to the time necessary 
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for relocalization and re -prescription of another sequence at another, lower 
level. This time delay in collecting image data for the second, lower level 
would be of such a magnitude that enhancement of lower limb veins would 
complicate interpretation of images and probably render lower extremity 
arterial imaging non-diagnostic. 

BSPR: 

As a result, there exists a need for an improved apparatus and method for 
magnet ir resonanrR arteriography which provides an image of the arteries 
distinct from the veins and which overcomes the limitations of other 
techniques. There exists a need for an apparatus and technique which allows 
preferential imaging of the lower limb arterial tree in a sufficiently short 
time period to allow imaging without significant venous overlap and without 
the complications often observed or experienced with catheter arteriography. 

BSPR: 

In addition, there exists a need for a contrast (e.g., gadolinium) enhanced 
magnf^tir resonanre arteriography technique which provides essential and 
accurate anatomic information for arterial reconstructive surgery and which is 
devoid of contrast-related renal toxicity or catheterization-related 
complications attending catheter arteriography. 

BSPR: 

In one principal aspect, the present invention is a method of imaging arteries 
in a patient using a magnetic resonance imaging system having an imaging coil 
and an administered contrast agent. The arteries include a first artery which 
is located in a first image volume and a second artery in a second image 
volume . 

BSPR: 

The method of this aspect of the invention -inrlndfig pogit.ioning the patient in 
a first location in the imaging coil and then collecting image data of the 
first image volume including collecting image data which is representative of 
a HRnter of k- space while a concentration of the administered contrast agent 
in the first artery is substantially higher than a concentration of the 
contrast agent in veins and background tissue adjacent to the first artery and 
while the patient is in the first location . The method further includes 
rp - po H i t i on i ng the patient in a second location in the imaging coil and, then ^ 
collecting image data of a second image volume, including collecting image 
data which is representative of a rpntpr of k- space while a concentration of 
the administered contrast agent in the second artery is substantially higher 
than a concentration of the contrast agent in veins and background tissue 
adjacent to the second artery and while the patient is in the second 1 oca 1 1 on . 



BSPR: 

In another principal aspect, the present invention is a magnetic resonance 
imaging system for imaging arteries in a patient using an injected contrast 
agent of substantially one injection. The arteries include a first artery 
which is located in a first image volume and a second artery which is located 
in a second image volume. The system includes an imaging coil and a platform 
for supporting the patient in a substantially horizontal posture, the platform 
being moveable with respect to the imaging coil and between a plurality of 
locations along a longitudinal axis of the platform . The system also includes 
imaging means for collecting image data of the first image volume while the 
platform is pog:;i ti oned ^at a first location ^ and image dat\ of the second image 
volume while the platform ia positioned at a second location . 

BSPR: 

The image data of the first image volume includes image data which is 
representative of a center of k-space while a concentration of contrast agent 
in the first artery is substantially higher than a concentration of contrast 
agent in veins and background tissue adjacent to the first artery. The image 
data of the second image volume includes image data which is representative of 
a center of k-space while a concentration of contrast agent in the second 
artery is substantially higher than a concentration of contrast agent in veins 
and background tissue adjacent to the second artery. 

BSPR: 
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In one embodiment, the system further includes means for moving the platform 
between a plurality of discrete locations along the longitudinal axis. 



BSPR: 

In another embodiment, the imaging means generates a data collection complete 
signal in response to completing collection of the image_daJia of the first 
image volume and wherein the platform, in response to the data collection 
complete signal, automatically moves from the first location to the second 
Ijacation. in this embodiment, the platform may generate a move complete signal 
in response to arriving at the second location and wherein the imaging means 
automatically collects the image data of the second image volume in response 
to the move complete signal. 

BSPR: 

In another embodiment, the system includes monitoring means for monitoring a 
concentration of the injected magnptir! rRsonance contrast agent in a region of 
1 nt forest and wherein the imaging means collects image data of the first image 
data volume in response to an image acquisition signal. In this embodiment, 
the system may also include means for generating the image acquisition signal 
when the magnpt-ir -rpRnnanrf^ contrast agent in the region of interest is above 
a predetermined concentration. 

BSPR: 

In yet another principal aspect, the present invention is a magnetic resonance 
imaging system for imaging arteries in a patient using an injected contrast 
agent of substantially one injection. The arteries include a first artery 
which is located in a first image volume, a second artery which is located in 
a second image volume, and a third artery which is located in a third image 
volume. The system includes an imaging coil and a pi atf orm for supporting the 
patient, the platform being moveable along a hori zontal axis of the platform > 
between a first location on the longitudinal axis, a second location on the 
longitudinal axis, and a third location on the longitudinal axis. 

BSPR: 

The system of this aspect of the invention also includes an imaging unit, 
electrically coupled to the imaging coil, the imaging unit collects image data 
of the first image volume while the platform is positioned in the first 
1 oration and image data of the second image volume while the platform is 
pnFii t-ionpd in the second 1 nrat.-i on , and image data of the third image volume 
while the platform is positioned in the third location. The image data of the 
first image volume includes image data which is representative of a center of 
k- space while a concentration of contrast agent in the first artery is 
substantially higher than a concentration of contrast agent in veins and 
background tissue adjacent to the first artery; the image data of the second 
image volume includes image data which is representative of a center of 
k- space while a concentration of contrast agent in the second artery is 
substantially higher than a concentration of contrast agent in veins and 
background tissue adjacent to the second artery; and the image data of the 
third image volume includes image data which is representative of a center of 
k- space while a concentration of contrast agent in the third artery is 
substantially higher than a concentration of contrast agent in veins and 
background tissue adjacent to the third artery. 

BSPR: 

In a preferred embodiment, the system includes a platform moving means for 
automatically moving the platform between the first, second and third 
locations. In this embodiment, the imaging unit generates a data collection 
complete signal in response to completing collection of the image__data of the 
first image volume, and wherein the platform moving means, in response to the 
data collection complete signal, automatically moves the platform from the 
first location to the second 1 oca t ion. 

BSPR: 

In another embodiment, the imaging unit generates a data collection complete 
signal in response to completing collection of the image data of the second 
image volume, and wherein the pi atf orm moving means, in response to the data 
collection complete signal, automatically moves the platform from the second 
1 onati on to the third looation, whf^rpin thp platform moving means generates a 
move complete signal in response to arriving at the third location and wherein 
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the imaging unit automatically collects the image_-dara of the third image 
volume in response" to the move complete signal. 

DRPR: 

FIG. 1 is a block diagram representation of an embodiment of the magnet t-i r 
•reaonanne imaging system according to the present invention; 

DRPR: 

FIGS. 2A-C are cross -sectional views of the pi atf nrm. the patient, and the 
imaging coil apparatus for three locations of the platform of a given imaging 
sequence ; 

DRPR: 

FIG. 3 is a block diagram representation of another embodiment of the magnetic 
r-RPionanre imaging system according to the present invention; 

DRPR: 

FIG. 6 is a block diagram representation of another embodiment of the mnignfitl c 
resonance imaging system according to the present invention; 

DRPR: 

FIG. 7 is a block diagram representation of another embodiment of the magnetic 
resonance imaging system according to the present invention including a 
detailed block diagram representation of one embodiment of the detection 
system; and 

DRPR : 

FIGS. 8A and 8B is an illustrative example of a magnetic resonance 
arteriography image of a patient using the technique and system of the present 
invention. The image depicts the arterial tree in the lower abdomen, the 
thighs, and the calves and a portion of the feet. This image was constructed 
using three image volumes in a manner described and illustrated herein for 
FIGS. 2A-2D. 

DEPR: 

The present invention is a technique of, and system for, imaging vascular 
anatomy over distance considerably greater than the maximum practical field of 
view of a magne tic re sonance imaging system. The technique and system of the 
present invention acquires image data of a plurality of image volumes which 
are representative of different portions of the patient's body. The image data 
of each image volume includes image data which is representative of the center 
of k-space. The cpnter of k-space may be characterized as 10% to 75% of the 
total k-space data which, as indicated above, corresponds to the lowest 
spatial frequency information. Thus, the image data which is representative of 
the cf^nter of k-space of a plurality of image volumes is collected while the 
concentration of the contrast agent in the artery contained within the image 
volume is substantially greater than the concentration of contrast agent in 
veins and background tissue adjacent to the artery. 

DEPR: 

The present invention provides preferential enhancement of arteries relative 
to adjacent veins and background tissue by correlating the collection of a > 
predetermined portion of data of a magnetic resonancf^ contrast image with the 
arterial phase of the magnetic resonance contrast enhancement over a series of 
acquisitions, each acquisition being representative of a different portion of 
the arterial system (e.g., abdominal aorta, femoral, popliteal, and tibial 
arteries) . The arterial phase of the contrast enhancement may be described as 
a period of a maximum, substantially higher and/or substantially elevated 
contrast concentration in the artery (arteries) relative to adjacent veins and 
background tissue. The arterial phase of contrast enhancement may also be 
described as a period during which the concentration of contrast agent in the 
artery of the region of interest is about a factor of two greater than a base 
line or pre-inj ection response from the region of inte-rest (i.e., the response 
of the region of interest to a series of magnetic re.cionance pulses prior to 
administration of a magnetic resonance contrast agent to the patient) . 

DEPR: 

The system and technique of the present invention collects image data in a 
series of acquisitions to examine, detect, diagnose, and treat arterial 
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diseases and injuries of arteries, including arteries in the lower extremities 
(e.g., the femoral arteries). The present invention correlates the collection 
of image data which is representative of the center of k-space for plurality 
of image volumes with the arterial phase of contrast enhancement in the 
arteries within the image volumes. The images constructed from the image data 
of the image volumes may be combined in a way in which they provide a "mosaic" 
of a significant portion of the patient's arterial system (e.g., the abdominal 
aorta, and femoral, popliteal, and tibial arteries) . 

DEPR: 

With reference to FIG. 1, a magnet- ir r-psnnanrp imaging system 10 of one 
embodiment of the present invention includes an imaging controller 12 and an 
imaging coil apparatus 14 for collecting image data which is used to generate 
an image of the region of -intg^rfiRt . The imaging control 1 er 12 and imaging coil 
apparatus 14 may be a commercial magnetic resonance, imaging system (including 
hardware and software), for example General Electrics Horizon system, 
Siemens' Vision system, or Phillips' Gyroscan system. These imaging systems 
are suitable for imaging an animal body, for example, a human. In addition, 
the software used with the commercial magnetic resonance imaging system may be 
modified to accommodate several embodiments described herein, including 
collecting image data which is representative of the cp^ntpr of k-space in the 
beginning, middle or end of the imaging sequence. Moreover, when the image 
data which is representative of the center of k-space is collected (e.g., 
beginning, middle or end of the imaging sequence) may be altered from image 
sequence to image sequence . 

DEPR: 

With reference to FIGS. 1 and 2A, the magnetic resonance imaging system 10 
further includes a pi atform 16 for supporting a patient . The platform 16 is / 
positioned on a pl^tfnrm table 18. The platform 16 is moveable along the 
platform table 18 and may be positioned in a plurality of locations along the- 
table^^lS . The platform table 18 includes a portion which is located within the 
imaging coil apparatus 14 to permit the platform 16 to be positioned at 
locations along a longitudinal axis LA of the platform 16 within the imaging 
coil apparatus 14. 

DEPR: 

In operation, the patient is placed on the platform 16 and secured thereto in 
order to prevent or limit movement of the patient relative to the p1 atf orm 16. 
The platform 16 is then placed at a first location 22 in the imaging coil 
apparatus 14 such that a field of view of the system 10 encompasses a first 
artery (e.g., the abdominal aorta). 

DEPR: 

A magnetic resonanrR contrast agent (e.g., gadolinium) is then administered to 
the patient using a contrast agent administration apparatus 2 0 (FIG. 1) which 
will be discussed below. While the platform 16 is 1 ocated in a first location 
22, the imaging rontrolle^r 12 collects image data which is representative of a 
first image volume 24. The first image volume 24 is defined by the first 
location 22, the field of view of the image coil apparatus 14, and the number 
of slices acquired by the controlle^r 12. Here, image data of the first image 
volume 24 includes image data which is representative of the center of k-space 
collected while the concentration of contrast agent in the first artery is 
substantially greater than the concentration of contrast agent in veins and 
background tissues adjacent to the first artery. Thus, image data 
representative of the r^ntp^r of k-space of the first image volume 24 is 
collected during the arterial phase of contrast enhancement. Under these 
circumstances, the first artery is preferentially enhanced relative to veins 
and background tissues adjacent to the first artery. 

DEPR: 

With reference to FIG. 2B, after collecting at least the image data which is 
representative of the center of k-space of the first image volume, the 
pi atf orm 16 is moved along the platform table 18 to a second location 26 such 
that a field of view of the system 10 encompasses a second artery (e.g., the 
femoral and/or popliteal artery) . While the pi ahf orm 16 is located in a second 
location 26, the imaging system 10 collects image data of the second image 
volume 28. The image data of the second image volume 28 includes image data 
which is representative of the center of k-space collected while the 
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concentration of contrast agent in the second artery is substantially greater 
than the concentration of contrast agent in veins and background tissues 
adjacent to the second artery. The second artery, like the first artery, is 
preferentially enhanced relative to veins and background tissues adjacent to 
the second artery. 

DEPR: 

With reference to FIG. 2C, after collecting at least the image data which is 
representative of the cf^ntpr of k- space of the second image volume, the 
platform 16 is again moved along the plaLform table 18 to a third location 3 0 
such that a field of view of the system 10 encompasses a third artery (e.g., 
the tibial artery) . While the p1 atform 16 is 1 orated in a third location 30, 
the imaging controller 12 collects image dat-a of the. third image volume 32. 
The image data of the third image volume 32 is image data which is 
representative of the center of k- space collected while the concentration of 
contrast agent in the third artery is substantially greater than the 
concentration of contrast agent in veins and background tissues adjacent to 
the third artery. Like the first and second arteries, the third artery is 
preferentially enhanced relative to veins and background tissues adjacent to 
the third artery. 

DEPR: 

With reference to FIGS. 2D, 8A, and 8B, the images constructed using the image 
data collected during the imaging sequences at the first, second and third 
locations may then be combined in a mosaic- like fashion to provide a composite 
image of the arterial system captured within the first, second and third image 
volumes. Using the composite image of the first, second and third image 
volumes, a physician may examine, detect, and treat arterial diseases and 
injuries of arteries which may be observed in the images, including those 
arteries in the lower extremities (e.g., the abdominal, aorta, femoral, 
popliteal, and tibial arteries) . 

DEPR: 

In one preferred embodiment, however, the image volumes are aligned to provide 
overlap between a given image volume and the preceding, adjacent image volume. 
For example, as mentioned above, after collecting image data of the first 
image volume 24 at the first location 22, the platform 16 is moved to the 
second location 26. The second location 26 is selected so that within the 
second image volume 28 there is a portion of the first image volume 24. 
Further, after collecting image data of the second image volume 28 at the 
second location 26, the pi atf orm 16 is moved to the third location 30. The 
third location 30 is selected so that within the third image volume 32 there 
is a portion of the second image volume 28. 

DEPR: 

The amount of overlap may depend, for example, upon the size of the field of 
view, the size of the patient, the characteristics of the imaging coil 
apparatus 14 (e.g., the homogeneity of the field) and the degree of confidence 
desired by the physician. In a preferred embodiment, where the field of view 
is approximately 48 centimeters, the imaging system 10 is a GE Horizon system, 
and where imaging at a more caudal level, typically centered over the 
mid-thighs of the patient, the overlap may be in the range of 2 to 8 
centimeters. 

DEPR: 

In a preferred embodiment, the present invention employs one contrast agent 
injection or a series of injections in rapid succession (i.e., each injection 
followed immediately by another inj ection) - -both of which are hereby defined 
as substantially one injection. The contrast agent may be injected rapidly, in 
a bolus type manner, may be injected over a portion of image data acquisition 
of one image volume, may be injected over a portion of image data acquisition 
including a plurality of image volumes, or may be injected over a substantial 
portion of image data acquisition of all of the image volumes. The rate of 
injection and/or how the contrast is injected, however, is selected to 
facilitate the collection of image data which is representative of the center 
of k-space for each image volume during the arterial phase of contrast 
enhancement. That is, these injection parameters are chosen to provide 
preferential enhancement of arteries relative to adjacent veins and background 
tissue for acquisition of the image data of each image volume, each image 
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volume mapping a different portion of the arterial system (e.g., abdominal 
aorta, femoral, popliteal, and tibial arteries) . 



DEPR: 

With reference to FIG. 3, in another embodiment of the present invention, the 
mp^gnphir r^sonanrF^ imaging system 10 may further include a detection system 34 
for synchronizing the collection of a predetermined portion of image data 
(e.g., the n^ntpr of k-space) with the arterial phase of contrast enhancement. 
In this embodiment, the detection system 34 monitors and detects the relative 
concentration of magnpti n rp.gnnanrf^ contrast agent in the region of interest 
(artery and tissues in a region of interest) . By doing so, the imaging 
rontroller 12 may more precisely synchronize the collection image data which 
is representative of the renter of k-space with the arterial phase of contrast 
enhancement for one, some or all of the image volumes. 

DEPR: 

As discussed in detail in U.S. Pat. No. 5,590,654, which is hereby 
incorporated by reference, the detection system 34 facilitates precise 
synchronization between the collection of a predetermined portion of image 
data and a portion of the arterial phase of contrast enhancement . The 
detection system 34 compares the response of a region of interest before the 
administration of magnetic resonance contrast agent (e.g., gadolinium) to the 
patient to the response of the region of interest during and/or after 
administration of the contrast agent. When a characteristic change in the 
response to the magnetic resonance pulse is measured by the detection system 
34, the imaging system 10 collects a predetermined portion of image data 
(e.g., data representative of the center of k-space). 

DEPR: 

In particular, in one embodiment, the patient is secured to the pi atf orm 16 
and the platform 16 is positioned in a first location 22. Prior to the 
administration of a magneti r resonance contrast agent, the imaging system 10 
applies a series of magneti r resonance pulses (radio frequency pulses) to a 
first region nf inte^rRst in the patient. The detection system 34 measures or 
determines a base line or pre-contrast response of the region of interest 
(artery and/or tissues in the region of interRst ^ to that series of pulses. 
The series of magnet j n resonance pulses are applied to the patient to tip the 
longitudinal magnetization of protons in the region of •interest and measure 
the response of the region of interest before administration of the contrast 
agent to the patient. The response signal from the region of interest is 
monitored using a variety of coils of the imaging coil apparatus 14 and is 
measured by the detection system 34 . 

DEPR: 

After the base line or pre-contrast response is measured, the contrast agent 
may be administered to the patient. Thereafter, the detection system 34 
measures (continuously, periodically or intermittently) the response from the 
region of interest to detect the "arrival" of the contrast agent in the reg i on 
of interest - In this regard, the magnetic resonance imaging system 10 applies 
a series of magnetic resonance pulses and the detection system 34 evaluates 
the response from the region of interest . When contrast agent "arrives" in the 
region of interest (artery or arteries of interest) , the detection system 34 
detects a characteristic change in the response from the region of interest to 
the magnetic resonance pulses; that is, the detection system identifies a 
characteristic change in the radio frequency signal emitted from the region of 
interest . This characteristic change in radio frequency signal from the region 
of interest indicates that the contrast agent has "arrived" in the 
artery/arteries in that region. 

DEPR: 

In one embodiment, upon detecting the arrival of the contrast agent in the 
first region of interest, the detection system 34 instructs the imaging 
controller 12 to initiate collection of image data of the first image volume, 
including image data which is representative of the center of k-space. After 
collecting image data which is sufficient to construct the first artery within 
the first region nf inl-erepih^ th e platfnrm 16 is moved to the second location 
such that a field of view of the system 10 encompasses a second artery. 

DEPR: 
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while the plat-form 16 is located in a second location, the detection system 34 
may be employed to determine when the contrast agent "arrives" in the second 
T-pgion of int-erRst. , Upon detecting the arrival of contrast in the second 
Tpginn of intprf^at, the detection system 34 may instruct the imaging 
rnni-rol 1 er 12 to collect image data which is representative of the center of 
k-space. This provides more precise synchronization of the collection of such 
image data with a concentration of contrast agent in the second artery which 
is substantially greater than the concentration of contrast agent in veins and 
background tissues adjacent to the second artery. Under these circumstances, 
the second artery is preferentially enhanced relative to veins and background 
tissues adjacent to the second artery. 

DEPR: 

It should be noted that the detection system 34 need not be used to determine 
when the contrast agent "arrives" in all of the rpiginns of interest for each 
location the of p1 atf orm . Thus, in another embodiment, the detection system 34 
may be employed only to synchronize collection of image data of the first 
image volume but not for the second image volume 28. Rather, when the platform 
16 is poR-i t-ioned in the second location 26, the imaging controller 12 may 
automatically collect image data which is representative of the center of 
k-space for the second image volume 28. 

DEPR: 

In those instances where the injection of the contrast agent is of a bolus 
type (i.e., rapid injection), the characteristic change in the response to the 
magnet jr rpsonance pulses may indicate that the region of Interest is in or is 
"entering" the arterial phase of the magnetic resonance contrast enhancement. 
Where the contrast agent is injected over a substantial portion of the imaging 
sequence, detecting the arrival of the contrast agent may indicate that the 
region of interest, is entering the arterial phase of contrast enhancement or 
will be entering the arterial phase some time in the future depending on a 
"time delay" as described below. 

DEPR: 

In a preferred embodiment, the detection system 34, upon sensing the region of 
interest is entering the arterial phase of contrast enhancement (e.g., 
contrast concentration in the region of interest is above a predetermined 
level) , may instruct the imaging rontro! 1 er 12 of the magnetic resonance 
imaging system 10 to initiate acquisition of data which is representative of 
the oenter of k-space. The concentration of the contrast in the region of 
i nterest may be detected in a number of different ways including, for example, 
a change in the shape of the responsive radio frequency signal, a change in 
the shape of the signal envelope and/or a change in its amplitude. 

DEPR: 

In another embodiment, an operator may observe a change in the shape of the 
radio frequency signal envelop and/or a change in its amplitude measured by 
the detection system. In response, the operator may instruct the imaging 
system 10 to initiate an imaging sequence including collecting image data 
which is representative of the oenher of k-space by the magnet! c resonance 
imaging system 10. In this embodiment, the operator monitors the detection 
system to observe the characteristic change in the response from the region of 
-inf eresf to the plurality of pulses from the imaging system; and, upon 
observing such a change, the operator may engage the imaging system to begin 
collecting image data which is representative of the center of k-space (i.e., 
the low spatial frequency magnetic resonance image data) , or a portion 
thereof, of the predetermined imaging sequence. 

DEPR: 

Under the circumstances where the detection system 34 (or operator) instructs 
the imaging system 10 to collect image data which is representative of the 
oenfer of k- space upon detecting the start of the arterial phase of contrast 
enhancement, the magnetic resonance imaging pulse sequence may be arranged 
such that the central portion of k-space data is collected in the beginning or 
near the beginning of the sequence and the periphery of k-space is collected 
either before or after collection of k-space. This may enhance synchronization 
between the arterial phase of contrast enhancement and the collection of image 
data which is representative of the renter of k-space. Moreover, arranging the 
sequence such that the central portion of k-space data is collected in the 
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beginning or near the beginning of the sequence insures that a sufficient 
amount of data which is representative of the renter of k- space is collected 
during the arterial phase of contrast enhancement. 

DEPR: 

It should be noted that General Electric Medical Systems markets and sells a 
commercially available detection software package under the tradename 
FasTrack. The FasTrack product is designed to operate on General Electric ' s 
Horizon magnet i -rpsnnanrp imaging system. The FasTrack software package 
triggers acquisition of the central portion of k- space data when the arterial 
concentration in a reginn of intf^rest is elevated. With little to no 
modification, the FasTrack detection system may be employed, in conjunction 
with a magnetic resnnancp imaging system, to perform the detecting functions 
of present invention. 

DEPR: 

In those instances where the arterial phase is "long", there may be time to 
collect the entire image data set (the rpntpr of k- space and the periphery 
thereof) during the arterial phase. 

DEPR: 

However, in those instances where the arterial phase is brief relative to the 
overall imaging sequence (i.e., collection of image data for all of the 
imaging volumes) , there may not be time to collect the entire image data set 
(the center of k- space and the periphery thereof) during the arterial phase. 
Under this circumstance, collection of image data which is representative of 
the center of k- space is synchronized with the period of a maximum and/or 
substantially elevated concentration in the artery (ies) of interest relative 
to adjacent veins and background tissues for each image volume of the overall 
imaging sequence. The periphery of k-space (or that portion of k-space which 
was not collected dynamically) may be collected before or after dynamically 
collecting the renter of k-space at the plurality of locations. 

DEPR: 

For example, the patient may be placed in the first location, second location 
and third location before administration of contrast agent and the periphery 
of k-space (or that portion of k-space which was not collected dynamically) 
may be collected at the corresponding locations. Then, with the patient 
positioned in the first location, the operator may administer the contrast 
agent to the patient. The imaging system 10 then collects the center of 
k-space of the first image volume which is generally defined by the first 
location. 

DEPR: 

After collecting the rentier of k-space of the first image volume, the platform 
16 is moved to the second location such that a field of view of the system 10 
encompasses a second artery. While the platform 16 i r located in a second 
location, the imaging system 10 collects image data which is representative of 
the center of k-space of the second image volume. And so on. 

DEPR: 

The specific site of injection is important for several reasons. The site of 

injection should be remote from the " region of interest"; that is, the region 

that is to be scanned. For example, when imaging the abdominal aorta and 
arteries in the lower limbs, intravenous injection of the contrast agent into 
an arm vein is preferred. Use of a leg vein should be avoided. Further, there 
may be some benefit in avoiding the antecubital fossa because the patient may 
bend the elbow during a long (3-5 minute) period of injection which may result 
in extravasation of the contrast into the subcutaneous tissues. As a result, 
under this condition, a forearm or upper arm vein may be preferable. 

DEPR: 

In those instances where an artery in the arm is to be imaged, the site of the 
injection may be a leg vein or a vein in the opposite arm. Here, the site of 
injection is remote from the " region of int erec;^"^ i.e., the artery in the 
arm. 

DEPR: 

A preferred embodiment of a contrast agent administration apparatus 20 is 
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illustrated in FIG. 4. In this embodiment, a syringe is loaded with a 
magne^tir rf^sonanrp contrast agent. A 3 -way stopcock 44 permits rapid contrast 
agent (e.g., gadolinium) injection without risk of retrograde flow. Another 
side port of the stopcock 44, further from the patient, accommodates an 
additional syringe 40 which may be employed as a rapid saline flush 
immediately following the contrast injection. 

DEPR: 

The dynamic infusion of contrast may be facilitated by using tubing 46 which 
reaches inside the magnet and which allows the operator infusing contrast to 
stand comfortably outside the magnet environment where it is possible to watch 
a clock and/or have access to control panels for the imaging system 16 to 
initiate the scan. With a sufficient length of tubing, the operator may 
comfortably use both hands to perform the infusion; generally one hand holds 
the syringe plunger and the other hand holds the syringe chamber. 

DEPR: 

The substantially coiled portion 46c of tubing 46 is in a "tightly wound" or 
"coiled" state when no external forces are applied to the tubing 46. Coiled 
portion 46c provides a number of advantages to tubing 46 including allowing 
the operator to readily adjust the tubing 46 to different lengths while in the 
magnet tic resonance suite. In this regard, the operator may inject the contrast 
agent and fluid flush from different locations in the suite (i.e., at 
different distances from the patient's IV and the magnet) as well as readily 
adjust the tubing to different distances that the tubing must reach inside the 
magnet based on a particular patient with reduced risk that tubing 46 will 
become intertwined with other tubing or wires in the general vicinity of the 
patient, magnet and/or imaging system 16 and/or damaged by exposure to traffic 
in the suite. 

DEPR: 

The extent to which the tubing 46 is coiled may be adjusted to suit the 
operator's needs as well as suit the conditions of the magnet in resonance 
suite. In a preferred embodiment, the tubing 46 is between 0.5 and 3 meters in 
length (when fully extended) . In a more preferred embodiment, the tubing 46 is 
about 2 meters in length (when fully extended) . In these embodiments, tubing 
46 is made of a plastic (e . g . , Polyvinylchloride ("PVC")) or other 
non-magnetic material and is substantially transparent so that the operator 
may observe fluid injection air bubbles or flow. 

DEPR: 

The administration apparatus may also include a pinch clamp 68 to provide 
further control of fluid injection. In this regard, the pinch clamp 68 may be 
used to stop fluid flow immediately for example at the completion of the 
procedure or during a failure. For example, should the locking mechanism 58 
fail for whatever reason, the pinch clamp 68 may be used to prevent or 
restrict further fluid flow. Similarly, the pinch clamp 68 may be used to 
restrict fluid flow after the locking mechanism 58 is decoupled or unlocked 
from the catheter, for example, at the completion of a procedure. 

DEPR: 

In one embodiment, the pinch clamp 64 may also be used to further synchronize 
or match the arterial phase of contrast enhancement with the collection of 
image data which is representative of the renter of k- space. That is, the 
operator may initially fill the tubing with contrast up to approximately the 
location of the pinch clamp. The clamp 68 is then closed to prevent premature 
release of the contrast. Then when the optimum moment arrives for injecting 
contrast, the pinch clamp 68 is release and the injection is completed. Under 
this circumstance, the time delay in delivering the contrast agent to the 
patient (and the onset of the arterial phase of contrast enhancement) due to 
the tubing apparatus is reduced; this reduction may facilitate better 
synchronization of the arterial phase of contrast enhancement with the 
collection of image data being representative of the center of k-space. 

DEPR: 

Further, the contrast agent administration apparatus of FIG. 5B may also 
include a flow rate indicator to provide the operator an indication of a rate 
of administration (injection rate) of the contrast agent to the patient. Here, 
the operator may visually or audibly observe the rate of flow of the contrast 
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agent to more accurately rnnt-rol the rate of injection of the contrast agent 
into the patient. 



DEPR: 

In some magnptir r-P^.gnnanrR suites, an opening exists in the wall dividing the 
magnet of the imaging apparatus and the control equipment (i.e., computer and 
other electronic devices) . In these situations, standard infusion pumps 
(containing metal, magnetized material and electronic circuits) can be used 
from outside of the MR suite to implement the methods described herein. 

DEPR: 

In another preferred embodiment, the injection rate for contrast is matched 
with the mapping of k-space so that a maximum or siibstantially elevated 
arterial gadolinium concentration correlates with acquisition of image data 
corresponding to the rpntRr- of k-space. That is, the operating parameters of 
the pump may be pre-programmed to provide an injection rate for contrast agent 
which is matched with the mapping of k-space so that a maximum or 
substantially elevated rate of infusion occurs about 10-4 0 seconds prior to 
the collection of image data corresponding to the center of k-space. 

DEPR: 

The operating parameters of the pump may also be control led by the detection 
system 34 and/or the imaging ront rnl 1 p,r 12. The timing of a maximum, elevated 
or substantially elevated rate of injection may be control led by the detection 
system 110 in order to more accurately synchronize the collection of image 
data which is representative of the center of k-space to a maximum, elevated 
or substantially elevated concentration of contrast in the artery of interest. 
This embodiment is discussed in more detail below. 

DEPR: 

This type of configuration offers several advantages including: (1) the 
contrast agent (gadolinium) need not be removed from its shipping containers 
into an intermediate container, for example, a syringe; (2) the 
programmability of the pump allows variable injection rates providing for a 
maximum rate at the peak when the center of k-space is being mapped (which may 
be the most critical period during image acquisition) ; (3) operator control of 
the operating parameters. Moreover, the Life Care 5000 may be coupled to the 
detection system 34 to facilitate the mapping of k-space by the imaging system 
16 with the arterial phase of contrast enhancement in the region of interest. 

DEPR: 

When implementing longer pulse sequences (greater than 2 minutes) or pulse 
sequences which collect image data representative of the center of k-space 
some time after initiation of image data collection, it is important that no 
contrast be administered prior to mf^gnetic resonance scan since the contrast 
may leak into the background tissues and cause degradation of the image. If 
some paramagnetic contrast or other magnetic resonance contrast has been 
administered prior to imaging, it may be useful to delay the arterial scan 
until this contrast has been excreted by the patient, in order to increase the 
probability of obtaining optimal images. 

DEPR: 

An exception to this requirement is when a small test dose of contrast or the 
like (sodium dehydrocholate , saccharin or indocyanine green) is used to 
determine the circulation time prior to performing the dynamic injection with 
imaging. By infusing a small test dose of a few milliliters and then imaging 
rapidly the -region of interest, it is possible to determine the time interval 
between contrast infusion and contrast arrival in the artery. This time may 
then be used to guide timing for the image acquisition in that it may 
facilitate more accurate correlation between the injection of the contrast 
agent and the acquisition of the data representative of the renter of k-space 
when the imaging system 10 collects such data in the middle of the scanning 
sequence. Thus, this time should roughly equal the time between the middle of 
the infusion and the moment of acquisition of the center of k-space for short 
infusions . 

DEPR: 

In those instances where the imaging system 10 employs pulse sequences having 
very short data acquisition periods, the contrast agent may be injected before 
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the initiation of coTlecting image data. Short pulse sec[uences may be 
characterized as those sequences for which the time required for contrast to 
circulate from injection site to the artery of interest becomes a significant 
fraction of the imaging time, for example, data acquisition periods of less 
than 2 minutes. Under this circumstance, injection of the contrast agent 
before acquisition of image data is necessary to allow circulation of the 
contrast agent in the patient and thereby correlate a maximum or substantially 
elevated arterial concentration with the collection of image data representing 
the rp>ntpr of k- space. As discussed above, the relative timing between the 
administration of the contrast agent and the collection of image data 
representing the renter of k-space should be adapted to account for the 
injection mechanism employed, the location of the artery of -interest, the size 
of the artery of interest, and the physical condition of the patient. For 
example, the contrast may be administered about 10-40 seconds before 
collection of image data to account for venous blood in the arm to circulate 
through the heart and lungs to reach the artery of interest. Thus, the amount 
of time before acquisition of image data may depend on the configuration of 
the contrast delivery mechanism, the relative 1 ocation of the artery of 
interest, the relative size of the artery of interest, and the condition of 
the patient, including the age of the patient. Employing these considerations 
in selecting and rontrni 1 i ng the timing of the injection provide a more 
accurate alignment between the acquisition of data representative of the 
center of k-space and a period of maximum or substantially elevated contrast 
concentration in the artery of interest relative to adjacent veins. 

DEPR: 

When employing the conventional imaging sequence which maps k-space in the 
middle of the scan, in a preferred embodiment, a constant infusion should 
begin within a few seconds of initiation of the scan process. The contrast 
infusion should end about 2 0 or more seconds before the completion of the 
scan; this allows the intravenously injected contrast to circulate through the 
heart and into the arteries. A chaser of normal saline or other fluid may be 
used to insure injection of the entire dose of the paramagnetic contrast 
(e.g., gadolinium) and, in addition, to insure that there is sufficient venous 
return to propel the injected contrast to the heart. In a preferred 
embodiment, the contrast infusion rate is matched with the mapping of k-space 
so that the maximum arterial gadolinium concentration occurs during 
acquisition of the renter of k-space. This may permit injecting over a shorter 
period of time to achieve either a higher injection rate or a lower contrast 
dose . 

DEPR: 

In one preferred embodiment, the magnetic resonance contrast agent is injected 
by the administration apparatus 2 0 in a bolus manner and the imaging sequence, 
implemented by the imaging system 10, collects data which is representative of 
the center of k-space at or near the beginning of the sequence. Under this 
circumstance, in order to correlate, on a repeatable basis, a maximum or 
substantially elevated arterial concentration of the contrast agent in the 
artery of interest with the collection of image data corresponding to the 
center of k- space, the detection system 34 monitors or measures the response 
from the region of interest to detect the arrival of the contrast agent in 
that region . Upon detecting the arrival of the contrast agent in the region of 
interest, the imaging system 10 may initiate (immediately or shortly 
thereafter) collection of image data representative of the center of k-space. 
The center of k-space corresponds to the low spatial frequency data which 
dominates image contrast. 

DEPR: 

In a preferred embodiment, the period of a maximum or substantially elevated 
rate of infusion of the magneti c resonance contrast agent to the patient is 
adapted according to the size of the artery of interest in order to correlate 
with the period of the collection of image data corresponding to the center of 
k-space to the period of the arterial phase of contrast enhancement. In this 
regard, where the artery of interest is relatively large (e.g., the aorta), a 
period of a substantially elevated or maximum injection rate may overlap for a 
smaller fraction of the total image time than where the artery is relatively 
small (e.g., renal). For example, when imaging larger arteries, the 
administration of the contrast agent may include a period of a substantially 
elevated or maximum rate of contrast which provides a substantially elevated 
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or maximum arterial concentration for less than 50% or the period during which 
the system collects image data corresponding to the center of k- space; and 
preferably at least 20%. 



DEPR: 

Where the artery of interest is relatively small, it is preferable that a 
period of maximum or substantially elevated rate of injection provide a 
maximum or siibstantially elevated concentration of the contrast in the artery 
of interest for more than 50% of the period of mapping the center of k-space. 

DEPR: 

In another preferred embodiment, the magnetic resonance contrast agent is 
injected rapidly in a bolus manner and the imaging sequence implemented by the 
imaging system 10 collects image data which is representative of the center of 
k-space at or near the beginning of the sequence. Upon detecting the arrival 
of the contrast agent in the reg-ion of -interest (by the operator or detection 
system 34) , the imaging system 10 may initiate the imaging sequence and 
collection of image data representative of the center of k-space. 

DEPR: 

In a preferred embodiment, the legs and arms of the patient are positioned in 
such a manner that the arteries to be imaged (e.g., the abdominal aorta, 
femoral artery, and tibial artery, as well as the intervening arteries) are 
within a relatively small image volume during scanning. With reference to FIG. 
5A, where the vasculature from the supra- renal aorta to the level of the foot 
arteries is to be imaged, the imaging volume must be of sufficient thickness 
to account for variations in vertical positioning of the arteries to be 
imaged. The course or path of the arteries do not follow a straight line in 
the sagittal plane from aorta to foot. Rather, height of those arteries vary 
considerably. As such, the imaging volume should be sufficiently thick to 
include all of the arteries at the maximum to minimum anticipated heights. By 
raising certain limbs (e.g., the legs and the feet), the arteries in those 
limbs will have less of a vertical deviation from arteries in the torso. 

DEPR: 

The appendage cushions 70 also provide an additional advantage in that they 
provide the patient with a stable support for the thighs, knees, calves, 
ankles and feet so that there is little to no movement of the lower limbs 
during imaging. This will lead to a significant reduction in artifacts caused 
by patient movement. 

DEPR: 

In a preferred embodiment, the appendage cushions 70 are comprised of a 
non-magnetic material, low density material. The appendage cushions 70 may be 
shaped in a conformal nature to that of the patient's body that is to be 
engaged (e.g., posterior portion of the knee) . This shape provides for a more 
stable configuration so that there is little to no movement of the appendage 
cushions 70 and/or the patient relative to the platform 16. Further, the 
appendage cushions 70 may be secured to the patient and/or the platform prior 
to imaging using a non-magnetic strapping mechanism, for example, a velcro 
strap or similar material /mechanism. 

DEPR: 

In a preferred embodiment, the appendage cushions 70 are 8 cm thick of 
non-magnetic material, low density material. The appendage cushions 70 may be 
rectangular in shape and may be secured to the patient and/or the platform 
prior to imaging using a non-magnetic strapping mechanism, for example, a 
velcro strap or similar material/mechanism. The surfaces of -the appendage 
cushions 70 may be shaped in a conformal nature to that of the patient's body. 
This shape provides for a more stable configuration so that there is little to 
no movement of the appendage cushions 70 relative to the patient. 

DEPR: 

In a preferred embodiment, the phase artifact related to respiratory and 
cardiac motion may be minimized by combining the Tl weighted imaging sequence 
with respiratory or electrocardiographic gating. Gating has the disadvantage 
of increasing the scan time, particularly in patients with irregular rhythms. 
Compensation techniques in which the mapping of the image data in k-space is 
matched to the respiratory and or cardiac cycle may eliminate some phase 
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artifact without significantly increasing the scan time. 



DEPR: 

When imaging regions of the body that move substantially with respiration 
(e.g., the abdominal aorta and renal arteries) it may be useful to acquire 
data while the patient is holding his or her breath. This may require 
shortening the duration of the image acquisition time to under one minute. If 
the patient cannot hold his breath for the entire period of image acquisition, 
than it may be useful to hold the breath during acquisition of image data 
corresponding to the rpntf^r of k- space and breathing only during acquisition 
of data corresponding to the periphery of k- space. 

DEPR: 

To facilitate breath holding during acquisition of image data which is 
representative of the central portion of k-space (i.e., the central half of 
k-space) it may be advantageous to order or arrange k-space centrically or in 
a shifted fashion so that the rpntpr of k-space is acquired in the beginning 
of the scan. In this way, if the patient begins breath holding at the 
beginning of the scan, the breath holding will automatically coincide with the 
collection of image data which is representative of the center of k-space. It 
may, however, be necessary to have a series of radio frequency pulses precede 
the renter of k-space so that the background tissues reach their equilibrium 
degree of saturation. A few seconds of radio frequency pulses are sufficient 
in most cases for the tissues to reach dynamic equilibrium. 

DEPR: 

When imaging regions of the body that do not move substantially with 
respiration (e.g., femoral arteries) it may not be necessary to acquire data 
while the patient is holding his or her breath. Under these circumstances, the 
patient may begin breath holding for collection of image data of the image 
volume including the abdominal arteries (i.e., the first location 22). After 
collection of image data of the abdominal arteries, the platform is 
re-positionRd at the next Innation (i.e., the second location 26) which 
includes regions of the body that do not move substantially with respiration. 
As such, the patient may breath for that and subsequent acquisitions. 

DEPR: 

With reference to FIGS. 2A-D, in one embodiment, the operator moves the 
platform 16 on platform table 18. Using handle 36, the operator may move the 
platform to various locations, for example the first, second, and third 
locations 22, 26, and 30, respectively. In one embodiment, to facilitate 
accurate and repeatable positioning of the platform 16, the interface of the 
pl^^form 16 and pi atf nrm table 18 may include a system of detents or slots . 
Under these circumstances, once the operator moves the platform 16 to a given 
location (e.g., location 26), the platform 16 is "pulled" into that location 
by the detent or slot by the momentum of the platform 16 and the shape of the 
platform - table interface. The operator may then move the platform 16 using 
handle 36 to the next location by overcoming the forces created by the detent 
or slot mechanism. 

DEPR: 

In another embodiment, an interlocking mechanism at the interface of the 
platform 16 and table 18 may be engaged such that relative movement is 
prevented until the interlocking mechanism is disengaged. The operator may 
disengage the interlocking mechanism by rotating or squeezing the handle 36. 
Once disengaged, the platform 16 may be moved to the next location. 

DEPR: 

Thus, the detent or slot system provides for consistent and accurate placement 
of the platform 16 at a given location while the interlocking mechanism 
provides for secure placement of the platf otth 16 until released. 

DEPR: 

With reference to FIG. 7, in another embodiment of the present invention, the 
magnet Ir resonance imaging system 10 may further include a platform controller 
76 and a pi atform location detection unit 78. In this embodiment, the platform 
controller 76 controls the movement and, as a result, the location of the 
p1atfo-rm 16; this, in turn, defines a corresponding image volume. The platform 
oontrol ler 76 may be mechanically coupled to the pi atf orm 16 to implement 
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positioning and -rp^-pn.c;i ^ i nni ng nf thfi platfnr-m 16 . 
DEPR: 

In one embodiment, the pi^tfoT-m rontrnllfir 76 may position the platform 16 at 
any of an infinite number of locations on the pi atfnrm table 18. Under these 
circumstances, the operator may tailor an imaging sequence according to the 
patient based on, for example, the size of the patient, location of the 
arteries to be imaged and the extent of the arterial system to be imaged. 
Stated differently, the operator may individualize a magnetic resonance 
arteriographic imaging sequence by programming a number of data acquisitions 
at different Inrahinnc; based on the specific patient. This may be accomplished 
by programming the image control ler 12 and/or the platform controller 76 . The 
p1a^fomn rnnt-rnMf^T 76, in response to that p r og ram , controls the location of 
the platform 16 for the entire imaging sequence. Since the platform controller 
76 may repeatably and precisely position the platform in a given location, the 
operator has considerable flexibility in programming the overall imaging 
sequence . 

DEPR: 

In another embodiment, the platform controller 76 may situate the platform 16 
into a number of discrete locations on the p1 atf orm table 18. Here, the 
platform controller 76 positions and re-positions the platform 16 among a 
given number of discrete locations during an imaging sequence. These 
pre-defined locations are the same regardless of the patient. In this 
embodiment, although the sequence of the image acquisition remains flexible, 
the locations are not. This, however, offers the operator the advantage of 
being able to repeatably and precisely position the pi atf orm 16 in a given 
location with a high degree of confidence. This ability to return to the exact 
same location facilitates use of digital subtraction magnetic resonance 
arteriography . 

DEPR: 

The platform controllpr 76 may be an electrical or pneumatic type mechanism. 
The type of nont. roller may be dictated somewhat by the environment in which 
the ront^roller is to be implemented in. For example, if the controller 76 is 
to be located in the magneti o rf^annance imaging suite and near the imaging 
coil apparatus 14, then a pneumatic type controller (a shaft coupled to the 
platform 16; the shaft being driven by compressed air) may be more suitable. 
However, if the nontroT ler 76 is to be located outside the suite or far from 
the coil apparatus 14, then an electrical type controller (e.g., shaft, gears 
or pulley system coupled to the platform 16; the shaft, gears or pulley system 
are driven by a motor) may be acceptable. 

DEPR: 

To insure very accurate and secure placement of the pi atf orm 16, the interface 
of the platform 16 and platform table 18 may include a series of detents or 
slots at that interface. Under these circumstances, once the platform 
controller 76 moves the p1 atf orm 16 to a given, discrete location, the 
platform 16 is "pulled" or "forced" into that location by alignment of the 
platform 16 and the shape of the pi atform-table interface. Once in the detent 
or slot, an interlocking mechanism (not illustrated) may then engage the 
platform 16 and table 18 in order to prevent relative movement between the 
platform 16 and table 18 until the interlocking mechanism is disengaged. The 
detent or slot system (not illustrated) provides consistently accurate 
placement of the platform 16. The interlocking mechanism provides for secure 
placement of the platform 16 until released. 

DEPR: 

To further enhance the reliability and precision of platform placement as well 
as enhance automation of the system 10, a platform location detection unit 78 
may be employed to provide position data of the platform 16. In one 
embodiment, the platform location detection unit 78 provides the system 10 
with continuous, real-time information on the position of the platform 16. In 
another embodiment, the platform location detection unit 78 provides 
-i nformat-i on as to which discrete location the platform 16 is posi tioned, if 
any. 

DEPR: 

In those embodiments where the platform 16 may be posi tioned in any location 
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along table 18 (i.e., an infinite number of positi onsT^, it may be useful in 
programming the system 10 to have continuous, real-time information of th^ 
1 oration of the platform 16. Here, the location detection unit 78 may provide 
feedback to the image rontroller 12 on the current location of the platform 
16. With such continuous, real-time i nf ormati on. the imagg^ r on t ro 1 1 e r 12 may 
more precisely loratR the platform 16 at a desired locati on , This will 
facilitate coordinating the collection of image data of a plurality of image 
volumes at a corresponding plurality of i orations and the overlap of those 
volumes . 

DEPR: 

In those embodiments where the platform 16 may be poR-i ti onpd in a discrete set 
of locations, the^ platform location detection unit 78 may provide the system 
10 with information relating to which discrete locati on currently occupied by 
the platform 16, if any. In this embodiment, the location detection unit 78 
may handshake with the imaging control 1 12 and/or the detection system 34 to 
indicate that the platform 16 has departed a given location (e.g., location 
22) and has arrived at the next location (e.g., location 26 or 30). 

DEPR: 

It should be noted that other type pi atf orm location detection unit 78 may be 
employed. For example, not only may the platform 1 oration detection unit 78 
provide continuous, real-time data representative of the 1 oration of thf^ 
platform 16, but the platform location detection unit 78 may also provide 
information as to whether the platform 16 is at a specific, discrete location , 



DEPR: 

The system 10 of FIG. 7 may also enhance the rate of data acquisition (which 
is particularly important or useful while the imaging control 1 12 is 
collecting central k- space data during the arterial phase of contrast 
enhancement) by alleviating the need for the operator to monitor the location 
of thf^ platform 16, determine that the p1 atf orm 16 is properly located, and 
initiate the next acquisition of image data. The decision as to whether to 
initiate data collection may be made by the imaging controller 12 when it 
either senses from or is informed by information provided by the platform 
1 oration detection unit 78. 

DEPR: 

Moreover, in this embodiment, the platform location detection unit 78 allows 
for a more fully automated magnetic resonance imaging system 10. For example, 
in operation, upon collecting a particular set of image data at a given 
location (e.g., the central portion of k-space data and/or the periphery of 
k- space data) , the imaging rontrol 1 er 12 may instruct the platform controller 
76 to move the platform 16 to the next loration . In response, the platform 
rontrol 1 er 76 moves the platform 16 to that location whereby the location 
detection unit 78 informs the controller 12 that the platform 16 is at the 
next location. In response, the controller 12 initiates collection of image 
data at that location . 

DEPR: 

In one embodiment, the location detection unit 78 is comprised of sensors 
(optical, electrical or mechanical type) at the discrete locations. These 
sensors provide the imaging rontroller 12 with i nf ormation as to whether the 
platform 16 is at the 1 oration or not. Sensor may also be located at locations 
other than the locations fixed for imaging. It should be noted that, in this 
embodiment, the imaging rontrol If^r 12 may maintain a position log within 
memory of the locations at which the platform 16 has been and should go. This 
position log may be built at the time the operator programs the imaging 
sequence of the patient. 

DEPR: 

Alternatively, the loration detection unit 78 may be comprised of, for 
example, an optical encoder which provides data in the form of the absolute or 
relative position of thR platform 16 . The imaging rontroller 12 or loration 
detection unit 78 may interpret that inf ormati on and responsively instruct the 
platform rontroller 78 to move the platform 16. 



DEPR: 



It should be noted that the p1 aff nrm location detection unit 78 may be 
integrated within the platform rr^n^rn11f^r 76. For example, the platform 
controller 76 may include a shaft, coupled to a pneumatic source, for moving 
the pi ahform 16. The location detection unit 78 may be optically or 
electrically coupled to the shaft to measure or sense the relative movement of 
the shaft or the absolute position of the shaft. The 1 ocati on detection unit 
78 may then provide that i nf ormat-i on to the imaging controller 12 which, in 
response, may instruct the platform controller 76 accordingly. 

DEPR: 

As will be appreciated by those skilled in the art, numerous other techniques 
and systems may be employed to not only control movement of the platform 16 
but also determine the position of the pi atf orm 16. Those techniques and 
systems will be readily apparent by those skilled in the art of, for example, 
in control systems, from the aforementioned. 

DEPR: 

Image data which is representative of the center of k-space may be acquired 
using a number of different techniques and system. In one embodiment, with 
reference to FIGS. 2A-C, the operator may collect image data which is 
representative of the renter of k-space for each of the image volumes by 
manually moving the pi atf orm 16 between the 1 ocati ons (e.g., first, second, 
and third 1nc;^f ionp! 22, 26, and 30, respectively) of a imaging sequence. For 
example, when the p1 aff orm 16 is located at a given location (e.g., the first 
location 22) , the operator may initiate data acquisition of the central 
portion of k-space when the concentration of contrast in the artery (ies) is 
substantially greater than the concentration of contrast in veins and 
background tissue adjacent to the artery. After collecting image data at that 
loc^fi on, the operator may move the platform 16 to the next location (e.g., 
the second 1 ocation 26) . In this embodiment, the operator manually moves the 
platform 16 between the various locations. 

DEPR: 

In another embodiment, the operator may program image data acquisition and, as 
such, the magnetic resonancf^ arteriographic imaging sequence. In this regard, 
the operator may program the imaging control ler 12 and/or the platform 
controller 76 to collect image data at a number of different locations . The 
system and technique of this embodiment provides the operator with 
considerable flexibility in individualizing or tailoring the overall imaging 
sequence to best suite the situation (e.g., the size and health of the 
patient, arteries to be imaged and the extent of the arterial system to be 
imaged) . 

DEPR: 

In particular, since the platform controller 76 may repeatably and precisely 
position the platform 16 in a given location, the operator may individualize 
or tailor the imaging sequence according to the patient. Here, the operator 
may program the platfoirm controller 76 to position the platform 16 at specific 
locati nn^ by choosing a size of the field of view, a desired amount of overlap 
between image volumes, and rate of data collection. It should be noted that a 
determination of the size of the field of view may be based on which size is 
best suited for the physical characteristics of the patient in addition to the 
physical and electrical characteristics of the imaging system 10. 

DEPR: 

In this embodiment, the platform controller 76, in response to instructions 
from the imaging control 1 er 12, moves the platform 16 between the selected or 
programmed locations. In operation , upon collecting at least image data which 
is representative of the center of k-space while the concentration of contrast 
agent in the artery (ies) in the imaging volume is substantially greater than 
that in the veins or background tissue adjacent to the artery (ies) , the 
imaging control ler 12 instructs the platform controller 76 to move the 
platform 16 to the next location . When the platform 16 is at the next 
location, the imaging controller 12 collects image data including data which 
is representative of the center of k-space while the concentration of contrast 
agent in the artery (ies) in the imaging volume is substantially greater than 
that in the veins or background tissue adjacent to the artery (ies) . This 
continues until image data for all of the image volumes is collected. 
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DEPR: 

In another embodiment, the detection system 34, in conjunction with the 
imaging controller 12 and imaging coil apparatus 14, monitors and detects the 
relative concentration of the contrast agent in the region of interest by- 
comparing the response of a region nf int-preat- before the administration of 
magnf^t-ir r^c^nnance contrast agent to the patient to the response of the regi on 
nf interest during and/or after administration of the contrast agent. When a 
characteristic change in the response to the magneti c rpsonanre pulse is 
measured by the detection system 34, the imaging system 10 begins collecting 
image data which is representative of the center of k- space. 

DEPR: 

As mentioned above and discussed in detail in U.S. Pat. No. 5,590,564, some of 
which is reproduced below, the detection system 34 detects the concentration 
of contrast agent in the region nf interest . More specifically, the detection 
system 34 detects the "arrival" of contrast in thp reg-inn of interest and/or 
detects the concentration of contrast therein. The detection system 34 may 
also be used to precisely synchronize the collection of a predetermined 
portion of image data (e.g., center of k-space) by the imaging system 10 with 
the arterial phase of contrast enhancement of the region of interest (artery 
and background tissue in the region nf interest ) . 

DEPR: 

In operation, prior to administration of contrast agent to the patient and 
before initiation of the imaging sequence, the detection system 34 initially 
measures the response from the rpginn of interest to a series of pulses from 
the imaging system 10. Here, the detection system 34 acquires a response from 
the region nf interest before administration of contrast agent. This response 
may be described as a base line or pre-contrast response. 

DEPR: 

After the base line or pre-contrast response is measured, the contrast agent 
may be administered to the patient. The detection system 34 may then measure 
the response from the rpginn of interest to a series of m;^gnp_tir re^snnance 
pulses from the imaging system 10. The detection system 34 or the operator may 
evaluate the response from the region of interest to determine a 
characteristic change in the response from the region nf interest . This 
characteristic response may indicate the arrival of contrast in the region of 
interest or the onset of the arterial phase of contrast enhancement. 

DEPR: 

The subsequent operations of the detection system 34 depend somewhat on the 
parameters of injection rate of the contrast administration apparatus 20 and 
the data collection techniques and configuration of the imaging system 10. In 
those instances where the injection of the contrast agent is of a bolus type 
(i.e., rapid injection rate), the characteristic change in the response to the 
magnetin resonance pulses may indicate that the region of interest is in or is 
"entering" the arterial phase of the magnetic re^^nnance contrast enhancement. 
Under this circumstance, the detection system 34 instructs the imaging system 
10 to initiate an imaging sequence at the first location 22 . The imaging 
system 10, immediately or shortly thereafter, collects the predetermined image 
data (e.g., nenter of k-space) of the first imaging volume 24 when the 
platfnrm 16 is at the first 1 neat ion 22. 

DEPR: 

It may be useful to have a short delay between detecting the arrival of 
contrast in the arteries of interest and beginning collecting data 
representative of the center of k-space. This delay may allow the contrast to 
reach all of the arteries throughout a given imaging volume ( region of 
intprpRt ) . However, in those instances where there are several locations at 
which to collect image data, there may not be sufficient time to collect image 
data which is representative of the center of k-space during the arterial 
enhancement phase at all of the locations ; as such, the system 10 may initiate 
collection of image data without a short delay after detecting the arrival of 
contrast in the arteries of interest. 

DEPR: 

Where a bolus injection is employed, the magnetic resonance imaging pulse 
sequence may be arranged such that the central portion of k-space data is 
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collected in the beginning or near the beginning of tne sequence. The 
periphery of k- space may be collected before or after collecting the central 
portion. This process may be employed at each location. That is, for each 
image volume, the periphery of the central portion of k- space may be collected 
before or after collecting the central portion of k-space. Under this 
circumstance, the detection system 34 provides more precise synchronization 
between the arterial phase of contrast enhancement and the collection of image 
data which is representative of the center of k-space. 

DEPR: 

In another embodiment, the detection system 34 may detect the arrival (or a 
predetermined concentration of contrast agent) in a field of view in the 
aorta. In response, the imaging control ler 12 may initiate imaging of the 
abdominal aorta reverse centrically; that is collecting the center of k-space 
towards the end of the image scan. After the platform 16 is re-posi tl oned at 
the second 1 oration 26, the image controller 12 may collect the image data 
centrically; that is collecting image f^ata which is representative of the 
of^ntpr of k-space first. Under these circumstances, the centers of k-space for 
the first and second sequences (first and second image volumes 24 and 28) are 
close in temporal proximity to one another. 

DEPR: 

It should be noted that the detection system 34 may be employed at each 
location (22, 26 and 30) of a given sequence. That is, the detection system 34 
may be used to detect the onset of the arterial phase of contrast enhancement 
at the first location 22; then after collecting the central portion of 
k-space, the pi atform 16 may be positioned at the second location 26; the 
detection system 34 may then detect the onset of the arterial phase of 
contrast enhancement in the arteries in the second image volume 28. The 
detection system 34 may also be employed in a similar manner when the platform 
16 is positioned at the third location 30. 

DEPR: 

Where the magnetnr r-psonancp, pulse sequence collects data which is 
representative of the center of k-space in the middle of the scan (a 
conventional type scan) , the detection system 34 may be employed to determine 
an "adjustment" of the infusion rate of the contrast agent by the contrast 
agent administration apparatus 20 so that a period of maximum or substantially 
elevated concentration of contrast agent in a given region of interest is 
correlated to the collection of image data which is representative of the 
center of k-space (i.e., mapping of k-space). As noted in U.S. Pat. No. 
5,553,619, the time between contrast injection and a maximum or substantially 
elevated contrast concentration in the artery of interest may vary according 
to a number of factors including the location of the artery of interest, the 
size of the artery of interest, the physical condition of the patient, and the 
time delay due to the configuration of the contrast agent administration 
apparatus 20. In this embodiment, the detection system 34 may be employed to 
automatically adjust the rate of administration of the administration 
apparatus 2 0 so that the imaging sequence collects a sufficient amount of data 
which is representative of k-space during the arterial phase of the 
enhancement of th^ region of i ntere.qh before the platform is re-positioned at 
another location. 

DEPR: 

In this embodiment, the detection system 34 monitors the response of the 
region of interest to series of magnetic resonance detection pulses. When the 
detection system 34 determines that the contrast has "ventered" the region of 
interest, the detection system 34 may adjust the rate of injection of the 
contrast agent to alter the timing of the arterial phase of contrast 
enhancement in the arteries within the current or subsequent image volumes. 

DEPR: 

FIG. 7 illustrates one embodiment of the detection system 34 of the present 
invention. In this embodiment, the detection system 34 includes a 
microcontroller 72 and a signal analyzer 74 (e.g., an oscilloscope). In one 
embodiment, the microcontroller 72 includes an operator interface which allows 
the operator to observe the response measured by the signal analyzer 74. In 
this embodiment, the microcontroller 72 facilitates the operator's observation 
and analysis of response signals including assessing the concentration of 
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contrast in the -rp^gion nf intRrpRt . The microcontroller 72 may include a 
visual and/or audible indicator to indicate the onset of the arterial phase of 
contrast enhancement or to indicate the concentration of contrast agent in the 
artery of interest. Such a configuration would facilitate synchronization 
between the collection of image data which is representative of the center of 
k- space with the arterial phase of contrast enhancement. 

DEPR: 

In another embodiment, the microcontroller 72 controls the rate of infusion by 
the contrast agent administration apparatus 20 (e.g., a mechanical pump. Life 
Care 5000 and/or the size of the orifice of the fluid flow restrictor for a 
mechanical infusion apparatus, e.g., the apparatus illustrated in FIGS. 5A and 
5B of U.S. Pat. No. 5,590,654). Similar to the control of the imaging system 
10, the microcontroller 72 (which is appropriately programmed) may adjust the 
rate of infusion to correlate the collection of image data which is 
representative of the center of k- space with a maximum, elevated, or 
substantially elevated concentration of contrast agent in the region of 
int£resii. The microcontroller 72 may adjust the rate of injection via 
r-nnh vol 1 1 ng the infusion adjustment mechanism on the administration apparatus 
20. The microcontroller 72 couples to the administration apparatus 20 via 
electrical, optical, or pneumatic coupling mechanism 72b. 

DEPR: 

As mentioned above, the detection system 34 may compute an adjustment to the 
infusion parameters or sequence of administration apparatus 20 based on 
several factors including the circulation time delay, the relative timing of 
the mapping of k-space, and pre-programmed rate of infusion. The detection 
system 34 may then increase or decrease the rate of injection by the infusion 
device 12, via the infusion adjustment mechanism, to provide a period of 
arterial phase of contrast enhancement which extends during the collection of 
image data which is representative of the center of k-space. 

DEPR: 

It should be noted that in the foregoing embodiments, the periphery of k-space 
for each of the image volumes may be collected before or after collecting 
image data which is representative of the center of k-space. In those 
instances where the periphery of k-space is collected before collecting image 
which is representative of the center of k-space, the platform 16 may be 
poRi tinned at F^ach of the Inrations (e.g., the first, second and third 
1 ocationa, 22, 26, and 30, respectively) before administration of the contrast 
agent. These locations will be the same as those which the platform will be 
poc^-i ti onRd when collecting image data which is representative of the center of 
k-space. This data, along with the data representative of the center of 
k-space, may be used to generate the final images. 

DEPR: 

In those instances where the periphery of k-space for each of the image 
volumes is collected after collecting image data which is representative of 
the cpntf^r of k-space, the periphery of k-space may be collected immediately 
after collecting the r^ntR-r of k-space and before the platform is moved to the 
next location or after the center of k-space is collected for all of the 
IjZicatixLOS . In those situations where the arterial phase of contrast 
enhancement is short, it may be important to rapidly collect image data 
representative of the center of k-space; this may require that the periphery 
of k-space data be collected for each of the image volumes after collecting 
central k-space data for each of those volumes. 

DEPR: 

In a preferred embodiment, the imaging system 10 employs fast three 
dimensional ( ^-n) m;:ignptic -rp^.qon;=jnce imaging sequences to collect the image 
data of the image volumes. These sequences may include a 3-D gradient echo 
pulse sequence and, in a preferred embodiment, a 3-D spoiled gradi ent echo 
pulse sequence. The parameters of these sequences, which are discussed in 
detail below, are chosen to optimize the spatial coverage relative to the time 
necessary to collect the image data of the image volumes. 

DEPR: 

The resolution of the image is governed primarily by the matrix size, field of 
view and number of slices within the 3D imaging volume. Optimal imaging within 
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a sufficiently short time-period results in a trade-oft between these 
competing parameters. These parameters may be selected as follows. 



DEPR: 

Where the vasculature from the supra-renal aorta to the level of the foot 
arteries is desired, the imaging volume must be of sufficient thickness to 
account for variations in height of the arteries to be imaged. The course or 
path of the arteries do not follow a straight line in the sagittal plane from 
aorta to foot. Rather, the height of those arteries relative to the top 
surface of the platform 16 (i.e., the distance of the arteries above the 
platforin 16) vary considerably. As such, the imaging volume should be 
sufficiently thick to include all of the arteries at the expected heights 
above the platform 16 . 

DEPR: 

It should be noted that as discussed above, the variations of the vert-i 
locations/path of the arteries may be reduced by using a system and technique 
of raising certain limbs, e.g., the legs and feet. By adjusting the height of 
the limbs, the arteries in those limbs will have less of a vertiral deviation 
from arteries in the torso. 

DEPR: 

As for the number of excitations, typically one excitation for most 
gadolinium-enhanced magnetir; rpRonanrc^ arteriography at present. However, 
partial Fourier imaging (partial NEX) may be preferable in order to reduce 
imaging time. 

DEPR: 

In order to image the different locations in sufficiently rapid succession to 
"follow" the contrast agent bolus down the torso and legs, it may be necessary 
to use special techniques to get the fastest possible scan time. These 
techniques may include partial Fourier imaging (partial NEX) , high speed 
gradip,nts, echo planar pulse sequences, keyhole imaging, partial f ield-of -view 
(rectangular f ield-of -view) , zero padding, among others. 

DEPR: 

One additional approach which was discussed above, was to collect central 
k- space data dynamically at each location when the arterial gadolinium 
concentration is high and following the gadolinium bolus from the abdomen down 
the leg. This way of collecting central k-space data at each location will 
match the moment of maximum arterial gadolinium concentration at all 
locations . Then, after central k-space data is collected at all locations, one 
can go back to each location to collect the remainder of k-space data, the 
peripheral k-space data . Alternatively, peripheral k-space data could be 
collected prior to scanning or it could be an average or weighted average of 
data collected pre and post-contrast. 

DEPR: 

In one preferred embodiment, additional contrast is obtained by digitally 
subtracting image data acquired before administration of the contrast agent 
from the dynamic acquisition. Here, a pre -contrast set of images may be 
acquired at each image location. The purpose may be two -fold: (1) to determine 
appropriate placement of the imaging volume; and (2) to provide a "mask" for 
subtraction from the post -contrast images to improve depiction of the vessels 
by subtracting background tissues in some cases. This will require accurate 
rf^poRi tioning of the table for each set of post -contrast images to the exact 
location of the pre -contrast images to avoid errors in background subtraction. 
Thus, the positioning of the> platform 16 should be highly repeatable and 
accurate when locating thp platform 16 for pre-contrast_daJia acquisition as 
well as when locating th^ platform 16 during and/or post -contrast agent 
administration data acquisition. As such, when implementing this embodiment, 
it may be useful to use the detent or slot mechanism described above to ensure 
that the platform 16 returns to the same location during and/or post -contrast 
agent administration as pre-contrast imaging. 

DEPR: 

In another preferred embodiment, additional contrast is obtained by digitally 
subtracting image data collected during the equilibrium phase of contrast 
enhancement from the dynamic acquisition. As with the previous embodiment, the 
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positioning of the> platform 16 should be highly repeatable and accurate when 
locating thf^ plat form 16 for pre -contrast data acquisition as well as during 
and/or post-contrast agent administration data acquisition. As indicated 
above, the detent or slot mechanism described above facilitates repeatable and 
precise discrete placement of the platform 16 thereby ensuring that the 
pi atform 16 returns to the same 1 oration when collecting image data of the 
image volumes during/post -contrast agent administration when compared to 
pre -contrast image data acquisition. 

DEPR: 

Using a 1.5 Tesla, imaging system manufactured by General Electric Medical 
Systems, five patients were imaged successfully during the arterial phase of a 
single gadolinium contrast bolus covering arteries from abdominal aorta to 
distal calf. To do this on the General Electric scanner, the existing platform 
was disengaged from its chain driven movement mechanism so that it could be 
moved more rapidly by hand from location to location. Each patient was 
carefully positioned on the pi atform with the legs and ankles elevated so that 
they were of similar height above the platform as the aorta. Straps were used 
to hold the legs together and to prevent motion of the legs relative to the 
table. 

DEPR: 

A 211 spoiled gradient echo pulse sequence was proscribed from a sagittal 
localizer. The 211 spoiled gradient echo pulse sequence utilized the following 
parameters: TR-6.9 msec, TE=2 . 1 msec (fractional echo), flip angle=45 degrees, 
slice thickness=2 . 8 mm, f ield-of -view=36 cm, matrix=256 . times . 160 , 36 slices 
with interpolation using zero padding to reconstruct a total of 72 slices at 
1.4 mm intervals. Using a partial Fourier acquisition (0.5 NEX) it was 
possible to obtain an entire 2D volume of image data in 27 seconds. The 
multi -phase option was selected so that this 2D volume of image data could be 
repeatedly acquired with only a few second delay in between acquisitions. 
During these delays the table could be moved to the next location. 

DEPR: 

In order to slow down the blood flow in two patients, tourniquets were applied 
to the calves and thighs. The gadolinium dose was 21 mMol (42 cc) . It was 
infused at a rate of about 1-2 cc per second by hand using IV tubing with two 
ports to allow simultaneous attachment of gadolinium and saline flush 
syringes. (See, FIG. 5B) . The gadolinium infusion was immediately followed 
with a saline flush. Optimal arterial phase imaging was achieved by using a 
pulse sequence that detected the arrival of the gadolinium in the aorta and 
automatically initiated acquisition of 2D spoiled gradient echo imaging 
beginning with the central k- space data. A short delay (i.e., 5 seconds) was 
provided between detection of the leading edge of the bolus and initiation of 
data acquisition to allow time for the patient to take in a breathe and then 
suspend breathing . 

DEPR: 

Following completion of the first 2D volume of imaging (abdomen and pelvis) , 
the table was rapidly moved by hand to the second imaging volume (thighs) and 
acquisition of another 2D image data set was initiated. The time to move the 
table was less than 3 seconds. After completion of the second image volume, 
the table was repositioned again by hand to collect the third volume of image 
data. After all the data was acquired, it was analyzed and reformatted on a 
computer workstation. 

CLPR: 

1. A method of imaging arteries in a patient using a magne^t-ic reaonancf^ 
imaging system and an administered contrast agent of substantially one 
injection which provides an arterial phase of contrast enhancement, wherein 
the arteries include a first arteary which is located in a first image volume 
and a second artery in a second image volume, the method comprising: 

CLPR: 

3 . The method of claim 2 further including the step of administering the 
magnetic reaonanop contrast agent to the patient includes administering the 
contrast agent in a bolus type injection. 

CLPR: 
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4 . The method of claim 1 wherein the step of collecting the image data of the 
second image volume includes collecting image data which is representative of 
the center of k- space substantially at a beginning of a second imaging 
sequence . 

CLPR: 

5. The method of claim 4 wherein the second imaging sequence is a 2D imaging 
sequence . 

CLPR: 

6. The method of claim 5 wherein the step of administering the magnetic 
resonance contrast agent to the patient includes administering the contrast 
substantially throughout collection of image data of the first and second 
image volumes . 

CLPR: 

15. The method of claim 1 wherein the step of collecting the image data of the 
first image volume includes collecting a substantial portion of the nentp-r of 
k-space while a flip angle is between about 30. degree, to about 90. degree., 
TR.ltoreq.30 milliseconds and TE.ltoreq.7 milliseconds. 

CLPR: 

16. The method of claim 1 wherein the step of collecting the image data of the 
first image volume includes collecting a substantial portion of the center of 
k-space while a flip angle is between about 30. degree, to about 90. degree., 
TR.ltoreq.lO milliseconds and TE.ltoreq.3 milliseconds. 

CLPR: 

17. The method of claim 1 wherein the step of collecting the image data of the 
first image volume includes collecting a substantial portion of the centp^r of 
k-space while a flip angle is between about 30. degree, to about 90. degree., 
TR.ltoreq.5 milliseconds and TE . Itoreq. 2 . 5 milliseconds. 

CLPR: 

18 . The method of claim 1 wherein the step of collecting the image data of the 
first image volume includes using a "^D gradient echo pulse sequence. 

CLPR: 

19. The method of claim 18 wherein the "^D gradient echo pulse sequence is a 2D 
spoiled gradient echo pulse sequence. 

CLPR: 

23. The method of claim 1 wherein the step of administering the contrast agent 
to the patient further includes administering the magnet j n rRHonanrR contrast 
agent to the patient to provide a maximum concentration of the contrast agent 
in the first artery, relative to adjacent veins and background tissue, which 
coincides with collecting image data of the first image volume which is 
representative of the center of k-space. 

CLPR: 

24. The method of claim 1 further including correlating the administration of 
the contrast agent with the step of collecting image data of a first image 
volume in accordance with at least one of a delay time in a delivery system 
and a location of the artery. 

CLPR: 

25. A magnetic -rRaonance imaging system for imaging arteries in a patient 
using an injected contrast agent of substantially one injection which provides 
an arterial phase of contrast enhancement, the arteries include a first artery 
which is located in a first image volume and a second artery which is located 
in a second image volume, the system comprises: 

CLPR: 

26. The system of claim 25 further including means for moving the pi atf orm 
between a plurality of discrete locations along the longitudinal axis. 

CLPR: 

27. The system of claim 25 wherein the imaging means collects image data which 
is representative of a periphery of k-space after collecting image data which 
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is representative of the center of k-space. 



CLPR: 

28. The system of claim 25 wherein the imaging means collects image data which 
is representative of a periphery of k-space of the first image volume after 
collecting image data which is representative of the center of k-space of the 
first image volume. 

CLPR: 

29. The system of claim 25 wherein the imaging means collects image data which 
is representative of a periphery of k-space of the first image volume before 
collecting image data which is representative of the reenter of k-space of the 
first image volume . 

CLPR: 

30. The system of claim 25 wherein the imaging means collects image data which 
is representative of a periphery of k-space of the second image volume after 
collecting image data which is representative of the center of k-space of the 
second image volume. 

CLPR: 

31. The system of claim 25 wherein the imaging means collects image data which 
is representative of a periphery of k-space of the second image volume before 
collecting image data which is representative of the center of k-space of the 
second image volume. 

CLPR: 

32. The system of claim 25 wherein the imaging means generates a data 
collection complete signal in response to completing collection of the image 
data of the first image volume and wherein the platform, in response to the 
data collection complete signal, automatically moves from the first location 
to the second location . 

CLPR: 

33. The system of claim 32 wherein the pi atf orm generates a move complete 
signal in response to arriving at the second location and wherein the imaging 
means automatically collects the image data of the second image volume in 
response to the move complete signal . 

CLPR: 

34. The system of claim 32 wherein an operator, in response to the data 
collection complete signal, moves the platform from the first location to the 
second location. 

CLPR: 

35. The system of claim 32 wherein the imaging means automatically collects 
the image data of the second image volume when the platform js positioned at 
the second location . 

CLPR: 

36. The system of claim 25 further including monitoring means for monitoring a 
concentration of the injected magnf^tic resonance contrast agent in a region of 
-i ntprf^Ht and wherein the imaging means collects image data of the first image 
data volume in response to an image acquisition signal. 

CLPR: 

37. The system of claim 36 further including means for generating the image 
acquisition signal when the magnetic resonance contrast agent in the region of 
interest is above a predetermined concentration. 

CLPR: 

46. The system of claim 25 wherein the means for collecting the image data of 
the first image volume includes means for collecting image data which is 
representative of a substantial portion of the center of k-space while a flip 
angle is between about 30. degree, to about 70. degree., TR.ltoreq.l5 
milliseconds and TE.ltoreq.3 milliseconds. 

CLPR: 

47. The system of claim 25 wherein the means for collecting the image data of 



25 of 31 



11/20/2001 11:05A^ 



the first image volume includes means for collecting image data using a 2J1 
gradient echo pulse sequence. 

CLPR : 

48. The system of claim 47 wherein the 3D gradient echo pulse sequence is a 3Ii 
spoiled gradient echo pulse sequence. 

CLPR: 

49. The system of claim 25 wherein the imaging means collects the image data 
of the first image volume including image data which is representative of the 
cf^nter of k- space while the patient suspends respiration and while a 
concentration of the contrast agent in the artery is substantially a maximum 
relative to a concentration of contrast agent in adjacent veins and background 
tissue . 

CLPR: 

52. The system of claim 25 wherein the imaging means automatically collects 
the image data of the second image volume when the platform is positioned at a 
second location. 

CLPR: 

53 . A magnetic resonance imaging system for imaging arteries in a patient 
using an injected contrast agent of substantially one injection which provides 
an arterial phase of contrast enhancement, the arteries include a first artery 
which is located in a first image volume, a second artery which is located in 
a second image volume, and a third artery which is located in a third image 
volume, the system comprises: 

CLPR: 

54. The system of claim 53 further including platform moving means for 
automatically moving the platform between the first, second and third 
locations . 

CLPR: 

55. The system of claim 54 wherein the imaging unit generates a data 
collection complete signal in response to completing collection of the image 
data of the first image volume, and wherein the platform moving means, in 
response to the data collection complete signal, automatically moves the 

pi fltf orm from the first location to the second location. 

CLPR: 

56. The system of claim 54 wherein the imaging unit generates a data 
collection complete signal in response to completing collection of the image 
data of the second image volume, and wherein the platform moving means, in 
response to the data collection complete signal, automatically moves the 

platform from the second location to the third 1 oration, wherein the platform 

moving means generates a move complete signal in response to arriving at the 
third location and wherein the imaging unit automatically collects the image 
data of the third image volume in response to the move complete signal. 

CLPR: 

60. A method of imaging arteries in a patient using a magnet-ic resonanre 
imaging system and using an injected magnf^tic resonanrp contrast agent of 
substantially one injection, wherein the arteries include a first artery which 
is located in a first image volume and a second artery which is located in a 
second image volume, the method comprising: 

CLPR: 

61. The method of claim 60 wherein the step of collecting the image data of 
the second image volume includes collecting image data which is representative 
of the center of k-space substantially at a beginning of a second imaging 
sequence . 

CLPR: 

62. The method of claim 60 further including injecting the magnetic rf^!=;onancp 
contrast agent to the patient substantially throughout the step of collecting 
image data of the first image volume. 

CLPR: 
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66. The method of claim 60 wherein the step of collecting the image data of 
the first image volume includes using a 3D grad-ient, echo pulse sequence. 



CLPR: 

70. A magnetic r-pgonanrf^ imaging system for imaging arteries in a patient 
using an injected contrast agent of substantially one injection which provides 
an arterial phase of contrast enhancement, wherein the arteries include a 
first artery which is located in a first image volume and a second artery 
which is located in a second image volume, the system comprises: 

CLPR: 

71. The system of claim 70 wherein pi^hform automatically moves from the first 
Inration to the second location after the imaging means collects the image 
data of the first image volume. 

CLPR: 

72. The system of claim 71 wherein the magnetic resonance imaging system 
generates a move complete signal in response to arriving at the second 
location and wherein the imaging means, in response to a da±a. collect signal, 
collects the image data of the second image volume in response to the move 
complete signal . 

CLPR: 

74. The system of claim 71 wherein the imaging means automatically collects 
the image data of the second image volume when the platform is positioned at 
the second location. 

CLPR: 

75 . The system of claim 70 further including monitoring means for monitoring a 
concentration of the injected magnf^tir resonance contrast agent in a region of 
interest and wherein the imaging means collects image data of the first image 
data volume in response to an image acquisition signal. 

CLPR: 

76. The system of claim 75 further including means for generating the image 
acquisition signal when the magnetic resonance contrast agent in the region of 
interest is above a predetermined concentration. 

CLPV: 

collecting magnetic resonance image data of the first image volume, including 
image data which is representative of a center of k- space, during the arterial 
phase of contrast enhancement of the first artery and while the patient is in 
the first location; 

CLPV: 

re -positioning the patient in the second location in the imaging apparatus; 
and 

CLPV: 

collecting magnetic resonance image data of the second image volume, including 
image data which is representative of a center of k-space, during the arterial 
phase of contrast enhancement of the second artery and while the patient is in 
the second 1 oration . 

CLPV: 

r e - po s i t i on i ng the patient in a third location in the imaging apparatus to 
image a third artery; 

CLPV: 

collecting image data of the third image volume, including image data which is 
representative of a center of k-space, during the arterial phase of contrast 
enhancement of the third artery and while the patient is in the third 
location. 

CLPV: 

collecting image data of a pre-contrast data set including collecting image 
data before administering a substantial amount of the magnetic resonance 
contrast agent to the patient; and 
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CLPV: 

collecting image data of a pre-contrast data set including collecting image 
data before administering a substantial amount of the magnp>h-ir -rpHnnanre* 
contrast agent to the patient; and 

CLPV: 

collecting image data of a pre-contrast image data set including collecting 
image data before administering a substantial amount of the magnetic refionance 
contrast agent to the patient; and 

CLPV: 

a magneti r- TRRonancg^ imaging apparatus, 
CLPV: 

a p1 atfo-rm for supporting the patient in a substantially horizontal posture, 
the platform being moveable with respect to the imaging apparatus and between 
a plurality of locations, including a first location and a second location, 
along a longitudinal axis of the platfor m^ wh^rpin the platform moves at a 
rate sufficient to allow positioning between the first location and the second 
location in a time period less than the arterial phase of contrast 
enhancement ; 

CLPV: 

imaging means for collecting magnetic resonance image data of the first image 
volume during the arterial phase of contrast enhancement of the first artery 
and while the platform is positioned at the first location, and for collecting 
magnetic -rfi.qonance^ image data of the second image volume during the arterial 
phase of contrast enhancement of the second artery and while the platform is 
poRT t-j one^d at the second location . 

CLPV: 

means for collecting image data of a pre-contrast image data set including 
collecting image data before administering a substantial amount of the 
magnetic rf^pinnance^ contrast agent to the patient; and 

CLPV: 

means for collecting image data of a pre-contrast image data set including 
collecting image data before administering a substantial amount of the 
magne^tic resonances contrast agent to the patient; and 

CLPV: 

a platform for supporting the patient, the platform being moveable along a 
horizontal axis of the platform between a first location on the longitudinal 
axis, a second location on the longitudinal axis, and a third location on the 
longitudinal axis; 

CLPV: 

an magnetic resonance imaging unit for collecting magnet i c resonance image 
data of the first image volume, including image data which is representative 
of the center of k-space, during the arterial phase of contrast enhancement of 
the first artery and while the platform is positioned in the first location 
and for collecting magnetic resonance image data of the second image volume, 
including image data which is representative of the renter of k-space, during 
a portion of the arterial phase of contrast enhancement of the second artery 
and while the platform is positioned in the second location, and for 
collecting magnetir resonance image data of the third image volume, including 
image data which is representative of the center of k-space, during a portion 
of the arterial phase of contrast enhancement of the third artery and while 
the platform is pos-jfinneti in the third location. 

CLPV : 

collecting magnet-ir resonance image data of the first image volume, including 
image data which is representative of a center of k-space, during the arterial 
phase of contrast enhancement of the first artery and while the patient is in 
first 1 onati on ; 

CLPV: 

collecting magnet ir resonance image data of the second image volume, including 
collecting image Hat a which is representative of a center of k-space, during 
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the arterial phase of contrast enhancement of the second artery and while the 
patient is in the second location; and 



CLPV: 

collecting image data of a third image volume wherein the step of collecting 
image data of the third image volume includes collecting image data which is 
representative of a nf^nter of k- space during a portion of the arterial phase 
of contrast enhancement of the third artery. 

CLPV: 

collecting image data of a pre-contrast data set including collecting image 

data before administering a substantial amount of the magnetic r^Fionanrfi 
contrast agent to the patient; and 

CLPV: 

collecting image data of a pre-contrast data set including collecting image 

data before administering a substantial amount of the magnetic resorir^nre 
contrast agent to the patient; and 

CLPV: 

collecting image data of a pre-contrast image data set including collecting 
image data before administering a substantial amount of the magnetic regonanrR 
contrast agent to the patient; and 

CLPV: 

a platform for supporting the patient, the platform being moveable between a 
plurality of locations including a first location which defines a first field 
of view encompassing the first artery and a second location which defines a 
second field of view encompassing the second artery, wherein the platform 
moves at a rate sufficient to allow positioning between the first location and 
the second location in a time period less than the arterial phase of contrast 
enhancement ; and 

CLPV: 

a magnetic resonance imaging unit for collecting magnetin TPfionance image data 
of the first image volume during a portion of the arterial phase of contrast 
enhancement of the first artery and while the platform is poaitionpd at the 
first ]ocati,on, and for collecting magnetic resonance image data of the second 
image volume during a portion of the arterial phase of contrast enhancement of 
the second artery and while the platform is positioned at the second location. 
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